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The present invention relates to an enzyme w It h pectin esterase activity, a DNA construct encoding the enzyme with pectin esterase 
activity, a method of producing the enzyme, an enzyme composition comprising said enzyme with pectin esterase activity, and the use of 
said enzyme and enzyme composition for a number of industrial applications. 
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TITLE: An enzyme with pectin esterase activity 
FIELD OF INVENTION 

5 The present invention relates to an enzyme with pectin 
esterase activity, a DNA construct encoding the enzyme with 
pectin esterase activity, a method of producing the enzyme, an 
enzyme composition comprising said enzyme with pectin esterase 
activity, and the use of said enzyme and enzyme composition 
10 for a number of industrial applications. 

BACKGROUND OF THE INVENTION 

Pectin polymers are important constituents of plant primary 
15 cell walls. They are composed of chains of 1,4-linked a-D- 
galacturonic acid and methylated derivatives thereof. The use 
of pectin-degrading enzymes such as polygalacturonase, pectin 
methylesterase, pectin lyase or pectate lyase is important for 
the food industry, primarily in fruit and vegetable processing 
20 such as fruit juice production or wine making, where their 
ability to catalyse the degradation of the backbone of the 
pectin polymer is utilised. 

For many purposes, it would be desirable to provide each of 
2 5 the pectin degrading enzymes present in, for instance, 
commercial preparations containing a number of different 
pectin degrading enzymes ( an v example of such a preparation is 
Pectinex Ultra SP®, prepared from Aspergillus aculeatus, 
available from Novo Nordisk A/S) in a form free from other 
30 components. In this way, it would be possible to produce 
enzyme preparations adapted to specific purposes, such 
preparations either containing a single pectin degrading 
enzyme or arbitrary combinations thereof. To serve this end, 
it is convenient to provide single- component pectin degrading 
35 enzymes by recombinant DNA techniques. 
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Pectin methylesterase (EC 3 1 i ii) n 

methane! fro m pectin , > «» removal o £ 

acid < P o ly galacturonic acid, . ° £ 

3 Pectin methylesterases are produced hv 

microorganism and have also been Told I k °' 
ieaves. roots. stales and fruits of . in 

Microbial pectin n«th y lesterase7 have I ^ Pl * ntS - 

al. CI990, nucleotide and derived T' * ^ « 

pectinesterase cDNA isolated f sequence of a 

-S3,,.. Nucleic i r 1 :; r^^irr niser scrain 
:r:::ri::::::; - — - • ~ ~ ^ 

Micr=b"i e T 7 ■ iTx^l '7*™ -^ace3? ln /. Gen' 
nucleotide sequence o the 7 t " " MOl * CUl " - 

ch^aTt^ S^^^r^XT ""I" T" " 
et al (loqii „.-,, wj-oj.. 247-254; Laurent 

(1 " 3) " ch «acteri Z ation and overexpressior, ^ „k 
gene encoding pectin methylesterase of T ^ ^ 

strain 3937", Gen e 131-17 2 ^ 
cloning and expression ' i ? n ^^^oLT " M ° ieCUlar 
pectate lyase and pect.n ^^^^^tZ 
5aCterOJd6S - APP1. Bacteriol 7 6 ; 592 - 6 o 2 

SUMMARY OP THE INVENTION 

su™eo tO Ch r PreSenC «» inventors have now 

^t^JT 1 * 1 " C ° " 3 — ~nt pectL 
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Accordingly, in a first aspect the invention relates to a DNA 
construct comprising a DNA sequence encoding an enzyme exhi- 
biting pectin esterase activity, which DNA sequence comprises 

5 

a) the pectin esterase encoding part of the DNA 

sequence cloned into plasmid pYES 2.0 present in E. 
coli DSM 10357, or 

10 b) an analogue of the DNA sequence defined in a) which 

i) is at least 60% homologous with the DNA sequence 
defined in a) , or 

15 ii) hybridizes with the DNA sequence shown 

in positions 4-933 in SEQ ID NO 1 at low 
stringency, or 

iii) encodes a polypeptide which is at least 50% 

2 0 homologous with the polypeptide encoded by a 

DNA sequence comprising the DNA sequence 
defined in a) , or 

iv) encodes a polypeptide which is immunologically 
25 reactive with an antibody raised against the 

purified pectin esterase encoded by the DNA 
sequence defined in a) . 



30 The full length cDNA sequence encoding a pectin esterase has 
been derived from a strain of the filamentous fungus Meripilus 
giganteus and has been cloned into plasmid pYES 2.0 present in 
the Escherichia coli strain DSM No. 103 57. 

3 5 Said pectin esterase encoding DNA sequence harboured in E. 
co2i DSM 10357 is believed to have the same sequence as that 
presented in SEQ ID NO 1. Accordingly, whenever reference is 
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made to the pectin esterase encoding part of the DMA „ 
cloned into plasmid oYES ? n sequence 

— is p also ir d d 2 t rr;r £ dsm c . 10357 such 

Accordingly, the terms "the nectin 

th e dna s equence clo „ ed in oXi PYE r; : ncodin9 parc ° c 

sequence presented in SEQ 1D NO * ,. ? ° J"* ^ 
interchangeably. Y be used 

nLbo" 11 " "r" 3 inVention ^es an expression vector 

o producing " and a Jhod 

which tetho! en2yme eXhibiti "3 Pectin esterase activity. 

per^ittTno the^^ 863 CUlCUri " 9 conditions 

permitting the production of the enzvm^ 

„ _ enzyme, and recoverina r.hp 

enzyme from the culture. 9 the 

In a still further aanpre i-v,^ 

exhibitino r. - invention provides an enzyme 

exhibiting pectin esterase activity, which enzyme, 

(a) is encoded by a DNA construct of the invention; or 
b x. produced by the method of the invention; and/or 

(c) xs immunologically reactive with an antibody raised 

against a purified pectin esterase encoded by the pectin 

esterase Pnrnrii ^ _^ . , 2 ^ CCLin 



esterase ding p _ of the _ seguence ciQnJ Pectin 

IZL PreSent ^ ^ COli ° SM 10357 • In - Preferred 

embodiment the enzyme has the deduced amino acid seance « 

In a still further aspect, the present invention provides an 
enzyme composition useful for- t-h- ^ • Provides an 

of plant ™* ■ i degradation .or modification 

of plant material or components thereof, said composition 
being enriched with an enzyme exhibiting pectin st 
activity as described above. esterase 
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In a still further aspect, the present invention relates to 
the use of an enzyme or an enzyme composition of the invention 
for various industrial applications. 

Finally the invention relates to an isolated substantially 
pure biological culture of the E . coli strain DSM No. 10357 
harbouring a pectin esterase encoding DNA sequence (the pectin 
esterase encoding part of the DNA sequence cloned into plasmid 
pYES 2.0 present in E. coli DSM 10357) derived from a strain 
of „ the filamentous fungus Meripilus giganteus, or any mutant 
of said E.coli strain having retained the pectin esterase 
encoding capability; and to an isolated substantially pure 
biological culture of the filamentous fungus Meripilus 
giganteus CBS No. 521.95, from which the DNA sequence 
presented as SEQ ID No. 1 has been derived. 



DETAILED DESCRIPTION OF THE INVENTION 



DNA Construct- s 

The present invention provides a DNA construct comprising a 
DNA sequence encoding an enzyme exhibiting pectin esterase 
activity, which DNA sequence comprises 

a) the pectin esterase encoding part of the DNA sequence 
cloned into plasmid pYES 2.0 present in E. coli DSM 10357, or 

b) an analogue of the DNA sequence defined in a) which 

i) is at least 60% homologous with the DNA sequence 
defined in a) , or 



ii) hybridizes with the DNA sequence shown 
in positions 4-933 in SEQ ID NO 1 at low 
stringency, or 
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ill) encodes a polypeptide which i s at least 50* 
homologous with the polypeptide encoded by a DNA 
sequence comprising the DNA sequence defined <n a! 



iv) encodes a polypeptide which is immunologically 
reactive with an antibody raised against the 
purged pectin esterase encoded by the DNA sequence 
defined in a) . 

As defined herein, a DNA sequence analogous to the pectin 
pYES 2.0 present m B. coli DSM 10357 is intended to indicate 

und;r:r; _;:r a b 0 n r e ona or ™ re ot ^ 

the filamentous fungus «eripilus giganteus producing the 
enzyme with pectin esterase activity, or another or relate* 
organism and thus. e.g. be an allelic or species variant of 

«o ol ; SCe " Se enC ° ding ° f the ™ A Cloned 

into plasmd pYES 2.0 present in £. coli DSM 10357. 

Alternatively, the analogous sequence may be constructed on 
the basis of the DNA sequence presented as the pectin esterase 
encodmg part of s E0 1D No . ^ e , g be , sub . s ^ uence 

not give lntr0dU " i0n ° f —l-tl* substitutions which * 
not glve rl3e to another amino acid sequence of the pectin 

the Tor enC ° ded " y ° NA S ^ enCe - b " corresponds 
of the !" ° E h ° SC ° r9aniSm int6nded £ ° r P-duction 

which maToT' ~ ^ in "° dU ="°" «" nucleotide substitutions 
which may g lve rise to a different amino acid sequence . 

When carrying out nucleotide substitutions, a m ino acid changes 
are preferably of a minor nature, that is conservative a"!" 
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acid substitutions that do not significantly affect the 
folding or activity of the protein, small deletions, typically 
of one to about 30 amino acids; small amino- or carboxyl - 
terminal extensions, such as an amino- terminal methionine 
residue, a small linker peptide of up to about 20-25 residues, 
or a small extension that facilitates purification, such as a 
poly-hist idine tract, an antigenic epitope or a binding 
domain . 

Examples of conservative substitutions are within the group of 
basic amino acids (such as arginine, lysine, hiscidine) , 
acidic amino acids (such as glutamic acid and aspartic acid) , 
polar amino acids (such as glutamine and asparagine) , 
hydrophobic amino acids (such as leucine, isoleucine, valine) , 
aromatic amino acids (such as phenylalanine, tryptophan, ty- 
rosine) and small amino acids (such as glycine, alanine, se- 
rine, threonine, methionine) . For a general description of 
nucleotide substitution, see e.g. Ford et al . , (1991), Protein 
Expression and Purification 2, 95-107. 

It will be apparent to persons skilled in the art that such 
substitutions can be made outside the regions critical to the 
function of the molecule and still result in an active poly- 
peptide. Amino acids essential to the activity of the poly- 
peptide encoded by the DNA construct of the invention, and 
therefore preferably not subject to substitution, may be 
identified according to procedures known in the art, such as 
site-directed mutagenesis or --alanine- scanning mutagenesis (cf. 
e.g. Cunningham and Wells, (1989), Science 244, 1081-1085). In 
the latter technique mutations are introduced at every residue 
in the molecule, and the resultant mutant molecules are tested 
for biological (i.e. pectin esterase) activity to identify 
amino acid residues that are critical to the activity of the 
molecule. Sites of substrate -enzyme interaction can also be 
determined by analysis of crystal structure as determined by 
such techniques as nuclear magnetic resonance analysis, 
crystallography or photoaf f inity labelling (cf . e.gr. de Vos et 
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al., (1992), Science 255 306 no c . 

«ol. Biol. 224 , 89 , }0);> ^ ! * h <i«2).. - 

309, 59-64). " al " (1992), FEBS Lett. 

5 The homology referred to in -n =k 

degree of identity between \ne ! " d « t «™ i — the 

derivation of the first Z « sequences indicating a 

tne tirst sequence from the second tv, >. 
may suitably be determined by means of homology 
in the art such as GAP provided in theTc^" Pr ° 9ramS ^ 
10 .Program Manual for the Wisconsin PaCcage "V?"™" P ™ 
199,, Genetics Computer Group 575 sell' „ ' AU9U * t 

Wisconsin. USA S 371l> , M ! Science Drive, Madison, 

.1,70,. aournal of ^'^7°' ^ """^ C -°" 

-1th the following setting/ for Z' ' 443_453 ' ' «" 
L5 creation penalty of s o „ „ sequence comparison: GAP 

-ding region of the "a e * tenSi °" P—lty of 0.3. the 

^ cyiun or the DNA sequence ^vhiK^ 

identity preferably of at least Go* eXhlblCs a degree of 
70%, more preferably at least a m"" " ^ 

90%, more preferably at leas 95% ' n T P ™'"" M * " ^ 
0 least 97% with fh ' and even ""^ Preferably at 

sequence s^to^.T^ °* 

^iJ^lT^ "'T™" " ^ iS tended " 

cnat the analogous DNA s*»rmor.^ , ^ . , 

5 same probe as tho n Ma sequence hybridizes to the 

aS the sequence encoding the oe^f-ir, « - 

enzyme under cer-i^-ir, Pectin esterase 

certain specified conditions which *r>~ ^ -w 
in detail in th^ M »i-- • -. nich are described 

Th e oiigonuc^eridr; e ;ot%o" h :d s rr r einafter - 

corresponding to the n~-t< m sequence 

sequence sbown I « T C NO z""""* e " C ° din9 °' "» « 

The h i ln ^ ^ decermined ^ 

derivation of the fir !t *»"««ng a 

~y suitably be It T""" th * SeC ° nd ' Th * h °"» 1°9V 

- th e ^rr^p^^jr^pT*- * - 

<-ogram Manual for the Wisconsin ^/"JST..^ 
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1994, Genetics Computer Group, 575 Science Drive, Madison, 
Wisconsin, USA 53711) (Needleman, S.B. and Wunsch, CD., 
(1970), Journal of Molecular Biology, 48, 443-453. Using GAP 
with the following settings for polypeptide sequence 
comparison: GAP creation penalty of 3.0 and GAP extension 
penalty of 0.1, the polypeptide encoded by an analogous DNA 
sequence exhibits a degree of identity preferably of at least 
50%, more preferably at least 60%, more preferably at least 
70%, more preferably at least 80%, more preferably at least 
90%, more preferably at least 95%, and especially at least 
97% with the enzyme encoded by a DNA construct comprising the 
pectin esterase encoding part of the DNA sequence shown in SEQ 
ID No. 1, e.g. with the amino acid sequence SEQ ID NO 2. 

The present invention is also directed to pectin 
esterase variants which have an amino acid sequence which 
differs by no more than three amino acids, preferably by no 
more than two amino acids, and more preferably by no more 
than one amino acid from the mature part of the amino acid 
sequence set forth in SEQ ID NO 2 . 

In connection with property iv) the immunological reactivity 
may be determined by the method described in the Materials and 
Methods section below. 

The DNA sequence encoding a pectin esterase of the invention 
can be isolated from the strain Escherichia coli DSM 10357 
using standard methods e.g. as described by Sambrook et al . , 
(1989), Molecular Cloning: A Laboratory Manual. Cold Spring 
Harbor Lab.; Cold Spring Harbor, NY. 

The DNA sequence encoding an enzyme exhibiting pectin esterase 
activity of the invention can also be isolated by any general 
method involving 



cloning, in suitable vectors, a cDNA library from 
any organism expected to produce the pectin esterase 
of interest, 
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transforming suitable yeast host cells with ■„ 
vectors, ceils with said 

in the' colTLra" '""^ * ' 

screening for positive clones bv rt.„ 
pectin esterase activity of tL deCer, " lnin 9 "V 
such clones, and P«*««<J by 

o - isolating the enzyme encoding DNA f rom such cicnes. 

A general isolation method has been rt< , 

« WO 94/ 14 9 53. the contents .'X ."Tb° "° "'"^ 
by reference, a more detailed T Y ln = or Porated 

-thod is given in ^T^"^" «* ^ ~*«*« 

Alternatively, the DNA encoding a Dec- 
invention may, ln accordance with „el l t """" ° £ 
conveniently be isolated from a suitab^ ""^ ■ P r °«^«s, 
of the below mentioned organism! ^ " 
oligonucleotide probes prepared on the h synthetic 
disclosed herein. For instance " DNA Se " Uen « 

Probe may be prepared on t^ basis TfT ° U ™«°"oe 
encoding part of th _ „ . S ot the Pectin esterase 

i or a P ny su^t ate ~ - - » 

amino acid sequence SEQ ID » 2 ' " b " 1 « ° £ ch e 

M i crobial aaur ss a 

In a preferred embodiment, the DNA =.« 

Pectin esterase is derived from ^ coding the 

Polyporaceae family, whi £ ^Z^T^^ " ^ 
»CB! taxonomy version 3.3. (updated « 12 13) br °" Ser 
within the order ADhvllo„h„ , 95 - 12 -") is a family 

of «_cetes — - - olass 

It is at present contemplated that * n Ma 

enzyme homolo.ous to the ^ ^ ^JTIT Z 

' • cr . dli 
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analogous DNA sequence, may be obtained from other 
microorganisms. For instance, the DNA sequence may be derived 
by similarly screening a cDNA library of another micro- 
organism, such as a strain of Aspergillus, Saccharomyces , 
Bacteroides, Erwinia, Pseudomonas or Clostridium. 

An isolate of a strain of Meripilus giganteus from which a 
pectin esterase of the invention can be derived has been 
deposited by the inventors according to the Budapest Treaty on 
the International Recognition of the Deposit of Microorganisms 
for the Purposes of Patent Procedure at the Centraalbureau 
voor Schimmelcultures, P.O. Box 273, 3740 AG Baarn, The 
Netherlands (CBS) . 

Deposit date : 04.07.95 

Depositor's ref . : NN006040 

CBS designation : Meripilus giganteus CBS No. 521.95 

The expression plasmid pYES 2.0 comprising the full length 
cDNA sequence encoding the pectin esterase of the invention 
has been transformed into a strain of the £7. coli which was 
deposited by the inventors according to the Budapest Treaty on 
the International Recognition of the Deposit of Microorganisms 
for the Purposes of Patent Procedure at the Deutshe Sammlung 
von Mikroorganismen und Zellkulturen GmbH. , Masheroder Weg lb, 
D-38124 Raunschweig, Federal Republic of Germany, (DSM) . 

Deposit date : 06.12.95' 

Depositor's ref. : NN049144 

DSM designation : Escherichia coli DSM 10357 
Expression vectprp 

In another aspect, the invention provides a recombinant 

expression vector comprising the DNA construct of the 
invention. 
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The expression vector o* ■ 

Procedures, and the choice of ^ to DNA 

host cell into which it is to b«=> , * dePend ° n the 

» - - an autonomously ^ ™ 

exasts as an extrachromosomal entity th*' ^ * ^ 
is independent of chromoso m al replied rSPllCati ° n of 
Alternatively, the vector "P^catxon, e.g. a plasmid . 

into a host cell is « ° ^ Whi ° h ' when introduced 

10 replicated together with the t 9en ° me 

been integrated. chromosome < s > inco which it ^ 

In the expression vector, the DMA >. 

esterase should be operablv c enC ° din9 ChS 

15 and terminator se^ence The c " 3 

which shows transcriptions T^tT 

choice and may be derive * Clvit y m the host cell of 

-ologons J ^TJZ ~ 'J^- — 

to insert them intTsuitabL "^""^ «spectivel y , and 

skilled in the art cf 7 "* kn °" n C ° ^™ 

11939,, Molecular cloning" A Labora^"' ^ M 
Harbor. NY). 9 ' La ^atory Manual. Cold Spring 

25 

Examples of suitable promoters for use in til 

host cells are. for instance the ADH3 £llamenc °- ^"gus 

Examples of other useful „™ . ° r C £BiA 

- gene encoding Asp^r™! ^^"^ *~ * 
"iehei asnmi amylase, Rhizoimjcor 

amylase T Inase, Aspergillus niger neutral «. 

amylase, Aspergillus nicer acid =i-=>k, 

niger or isM „ n , SCable "-amylase. Aspergillus 

"-hei 1 iZ7 9lu ~"^ 1 - '^l-'. «bi~ m ucor 

3* * S pergm U s oryzae t'ose k" ^ 

"idulans acetamTdase °* ^P-gillus 
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Host cells 

In yet another aspect the invention provides a host cell 
comprising the DNA construct of the invention and/or the 
5 recombinant expression vector of the invention. 

Preferably, the host cell of the invention is a eukaryotic 
cell, in particular a fungal cell such as a yeast or filamen- 
tous fungal cell. In particular, the cell may belong to a spe- 

10 cies of Trichoderma, preferably Trichoderma harzianum or 
Trichoderma reesei, or a species of Aspergillus, most prefer- 
ably Aspergillus oryzae or Aspergillus niger, or a species of 
Fusarium, in particular a strain of Fusarium graminearum, 
Fusarium cerealis . Fungal cells may be transformed by a 

15 process involving protoplast formation and transformation of 
the protoplasts followed by regeneration of the cell wall in a 
manner known per se . The use of Aspergillus as a host 
microorganism is described in EP 238 023 (Novo Nordisk A/S) , 
the contents of which are hereby incorporated by reference. 

20 The host cell may also be a yeast cell, e.g. a strain of 
Saccharomyces , in particular Saccharomyces cerevisae, 
Sac char omyces kluyveri or Saccharomyces uvarum, a strain of 
Schizosaccharomyces sp., such as Schizosaccharomyces pombe, a 
strain of Hansenula sp . , Pichia sp., Yarrowia sp . , such as 

2 5 Yarrowia lipolytica, or 

Kluyveromyces sp., such as Kluyveromyces lactis. 

Method of producing pectin esterase 

In a still further aspect, the present invention provides a 

3 0 method of producing an enzyme according to the invention, 

wherein a suitable host cell, which has been transformed with 
a DNA sequence encoding the enzyme, is cultured under 
conditions permitting the production of the enzyme, and the 
resulting enzyme is recovered from the culture. 

35 

The medium used to culture the transformed host cells may be 
any conventional medium suitable for growing the host cells in 
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20 



25 



30 



35 



question. The expressed pectin esterase mav 

secreted into the cult,,.. sc «ase may conveniently be 

there,™ by weii-Wwn proced^s™ in^d ^ ^ 
ceiis from the medium P e trtri £ u g a C 9 "* mti °° ^ 
= Precipitating proteinaceous co^ of tT " 

a salt such as a „ 1M Tul^ata til 7 * 
matographic procedures such as • followed by chro- 

affinity chromatography, or the like" e * Chan9e Chr ° ma c °9«phy. 

Enzyme ggfflBoslti a n a 

°f Plant cell wall components said" " " « ta *— t ^> 

in an enzyme exhibiting pectin est CO "* , °'""» enriched 
above. 9 P CCln e3te «« activity as described 

The enzyme composition having k 

the invention may e g be an ^ ^ " ° £ 

— tipl. enzymatic actives T "^"^ oomprising 
oomposition comprising multrple plant^T^ll 

enzymes such as Viscozym®. Pectinex® or p\ ^grading 

(all available fr™ m or Pe ct ln ex ultra sp» 

° Ie '™ Novo Nordisk A/S) t„ 

boosting of the cell wall h T S manner a 
composition can be ooLined. " ^ °* 

^r^^i ^ ~ " i" — "dad to 

composition has been terete 6 :""" °' "» "**» 

o. i.i. convenienti;ir::^ d i ti : th of an ar chment faccor 

invention prepared by the method described abte ^ °' 

e^r:rpr; ti res= -~ r~ in - — 

an enzyme of the invent CtlVlty may be one ^ich comprises 
a ^-C:— - - —tic component. 



WO 97/31102 



PCT/DK97/00073 



15 

The enzyme composition may be prepared in accordance with 
methods known in the art and may be in the form of a liquid or 
a dry composition. For instance, the enzyme composition may be 
in the form of a granulate or a microgranulate . The enzyme to 
5 be included in the composition may be stabilized in accordance 
with methods known in the art. 

Examples are given below of preferred uses of the enzyme com- 
position of the invention. The dosage of the enzyme composi- 
10 tion of the invention and other conditions under which the 
composition is used may be determined on the basis of methods 
known in the art . 

The enzyme composition according to the invention may be 
15 useful for at least one of the following purposes. 

Degradation or modification of p lant material: 

The enzyme composition may advantageously be used for the tre- 
atment of pectin containing plant material, e.g. of vegetable 

20 or fruit origin, such as material obtained from soy beans, 
sugar beets or apples, so as to reduce the viscosity and thus 
improve the processing or appearance of the plant material in 
question. The viscosity reduction may be obtained by treating 
the pectin-containing plant material with an enzyme 

25 preparation of the invention under suitable conditions for 
full or partial degradation of the pectin-containing material. 

The enzyme composition may be used for de-pectinization and 
viscosity reduction in vegetable or fruit juice, especially in 
3 0 apple or pear juice. 

The enzyme preparation may be used in the treatment of mash 
from fruits and vegetables, for instance in the mash treatment 
of apples and pears for juice production, and in the mash tre- 
3 5 atment of grapes for wine production. 
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~ in the , JT^p^r" dTOtl - ° f 
For the above uses i t- -i c ~ <r 

in a ddition to pectin IsL ~"*~i"°n 
containing enz^e prepay C ° mPrlSeS 3 ^^-turonase 



10 



ic is 



15 



20 



25 



30 



35 



pL::l "I an re ;:r: i™^™ - «- invasion 
P -cess e d truit 9 or veg ::: bl ;; nsi ^ s n - 1 - -»» of 

appaaranca have baan found to be , f consi «-n= y and 
cognation of enzy.es used for the ^ ^ 

nature of the enz^es (especially p^ J^T' ' ^ 

with which the pectin .eth yl astarase o" the ' enZy ™ tS " 
combined. °~ the invention is 

Examples of products with soecifio „ 

produced by use of an . Speciflc Properties which may be 

dude clear ce f om aT ^""^ «f the invention in- 

^~ -om **:Z* r ™ a TZ^ S Z bSrrieS ' — 
Purees from carrots and toma toes *' " «*» 

From the foregoing disclosure it will b* 

pectinesterase of i-h- < • apparent that the 

component essential^ "r^ Th' " " * 

~ polygalacturonase and/or "tt 1 aC " Vi " eS 
*ound to be present in ^LbT^ ""^^ 

containing pectinolvtir „ available pectinesterase 
a peccinoiytac preparations. 

°: :^ ranker t= — ~ ° £ *- — 

-h other enzyme actLties^ ^ ""~ ^ 

ie x :t!:::e°L: u ruu u r ses in r da the use af th « 

ceased or tJ-Ze^ ^clo"^ ~«" *" - 
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The partial demethylation is, e.g., important when an improved 
firmness of fruits or vegetables is desirable. Thus, firmness 
is often reduced during processing {e.g. canning and pasteuri- 
5 zation) . By use of a controlled amount of a pectin esterase of 
the invention a partial demethylation of pectin present in the 
fruits and vegetables may be obtained and the resulting 
partially demethylated pectin may crosslink with, e.g., 
divalent ions such as calcium, whereby a more firm fruits or 
10 vegetables may be formed. Accordingly, the pectin esterase of 
the invention may be used for improving the firmness of, e.g., 
red and green pepper, beans, peas and sliced fruits such as 
pears and apples. 

Infusion of the enzyme can be performed e.g. unassisted by 
15 immersion or assisted by vacuum threatment . 

Another example of the purposes is demethylation of pectin, 
e.g. from citrus, apple, sunflower and/or sugar beet. 

2 0 Furthermore, the pectin esterase can be used to obtain an in 

situ viscosity increase or gel formation in various vegetable 
or fruit based products. 

The pectin esterase of the invention can alone or together 
25 with other enzymes be used to improve the digestibility of 
pectin containing animal feed, e.g. feed prepared from soya 
beans, sugar beets or rape seeds. For this purpose, an enzyme 
composition of the invention is added to the feed. 

3 0 The pectin esterase activity can together with other enzymes 

be used to produce monogalacturonic acid or galacturonic acid 
containing oligosaccharides from pectin-containing material 
such as sugar beet pulp in accordance with well-known methods. 
Monogalacturonic acid may be used for production of galactaric 
3 5 acid or for production of fatty acid and fatty alcohol esters 
and/or ethers of galacturonic acid. Galacturonic containing 
oligosaccharides may be used as additives for human food or 
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animal feed. 



25 



30 



35 



Furthermore, the pectin esterase can in k- 

enzymes be used for the remo V \ c ^nation with other 
* fibres, which ^JT^. "j^* 

Production of textile f lbres or ^ ni ^ A " tte 
^r this purpose plant fibre C - llul ^c -terials. 

suitable amount of the pectin esterase of th ^ 9 

suxtable conditions for ^h^ • • invention under 

.* .i. c^ hydrst :;;- :rar 9 :;r ed „ 'r sdaien ' h - 

characterizing the mode of action of ' ^ ° f 

distribution of the acid PeCtin este »« the 

described b y „ort et al de " rmined * * 

247. 21 ,1993,). The esterifiad Car±,oA ^. «„., 

verted to g al actose by re duc tlon ,7°"^ *" ~~ 

Subseguentl y the glycosidi " u„ oT^H b ° r0h ** i *- 

galactose residues are cleaved , , "suiting 
leads to the production » *' =olvol y sis. 

These oligomers represent the 0ll «— A,,.- Gal . 

residues between methyl ^ ^ «' «•* A 

=l°„ed esterase of the i„ve„\ ™* *" PSCtin - Th e 

esterase and to alXalrne T'" 10 " " aS ««*•««« to an orange 
^change chromatograp^ ' .* ~ anion 

residues were seoar^^ * galacturonic acid 

<* -ese dig::: rr r n z nc :T d - From the 

9roups i„ the pectin ar C e be determined whether the acid 

are randomly or blockwise distributed. 

Grasdalen et al loot; M 

-the- to obtain g tita^Ce I 7 ^"^^ « ■ -eful 

titativ. information on the composition 
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and the sequential structure of pectin. Contrary to the method 
defined by Mort et al 1993 NMR spectroscopy represents a 
direct approach to verify sequential structure, and only a 
moderate degree of polymer degradation is needed. 

Without being bound to any theory, it is presently believed 
that the improved performance of the pectin esterase of the 
invention for a number of industrial applications such as in 
gelatination of jam (see Example 4 herein), is due to the 
mode of action cf the enzyme of the invention preferably 
providing a block-wise distribution of the acid groups in the 
pectin. 



The invention is described in further detail in the following 
examples which are not in any way intended to limit the scope 
of the invention as claimed. 



MATERIALS AND METHODS 
Deposited organisms : 

Meripilus giganteus CBS 521.95 comprises the pectin este 
encoding DNA sequence of the invention. 



Escherichia coli DSM 10357 containing the plasmid comprising 
the full length cDNA sequence, coding for the pectin esterase 
of the invention, in the shuttle vector pYES 2.0. 

Other strains: 

Yeast strain: The Saccharomyces cerevisiae strain used was 
W3124 (MATa ; ura 3-52; leu 2-3, 112; his 3-D200; pep 4-1137; 
prcl::HIS3; prbl : : LEU2 ; cir+). 



E. coli strain: DH10B (Life Technologies) 
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Plasmids: 

The Aspergillus expression vector pHD414 



of P HD4!4 is further described in wo 



pYES 2.0 (Invitrogen) 
PA2PE18 (See example 1) 



Procedures described . ^.r" 09 * ^ 

CDNA synthesis i Double-stranded cDNA is synthesized from 5 w 

G p e°ne y ;; 2 r 2 :r i e r ase h method ,Guwer and -«~ «»«, 

laboratory manual cTd V " <19e9 ' M ° leCUl " Cl °"^= * 
y manua1 ' c °ld Spring Harbor lab r^i ^ o 

Harbor. W) U sin 9 the ba.r-pin ^«e. tl J^ lo £ VT7 
Hagen ,pers. The poly(A) . ^ , s Mg ^ g ^ ^ ^ 

treated water, is heated at 70°c for 8 mi „. in . pre „ 
-licenced. K^se-free Eppendorph tube. qU enched on ice and 
combined in a final volume of 50 ul with revere ,-, 
buffer (50 mM Tris d „„ a , reverse transcriptase 

DTT Bet h-.H » ' 5 KC1 ' 3 M 9 C1 - 10 mM 

iTzt nrrt^rxr containin9 1 - ° f ^ 

h„ m „, , 5-methyl-dCTP (Pharmacia), 40 units 

human placental ribonuclease inhibitor (RN asin. Pro^.7« 
» Of oli g o,dT, l .- N ot ! priTCr (Pharmacia) and . 
Superscript u rm, co u unics 
Research t k reverse transcriptase (Bethesda 

Research Laboratories). First-strand cDNA is synthesized by 
xncubating the reaction mixture at 45°C for ! hour. After 
synthes.s, the mRNA : cDNA hybrid mixture is gelfiltrltel 
through a MicroSpin S-400 hp fov,, • , gextxltrated 
to m, 0 , (Pharmacia) spin column accordina 

to the manufacturer "s instructions ccordxng 
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After the gelf iltration, the hybrids are diluted in 250 
second strand buffer (20 mM Tris-Cl, pH 7.4, 90 mM KC1 , 4.6 mM 
MgCl 2 , 10 mM (NH 4 ) 2 S0 4 , 0.16 mM pNAD+) containing 200 pM of 
each dNTP, 60 units E. coli DNA polymerase I (Pharmacia), 5.25 
units RNase H (Promega) and 15 units E. coli DNA ligase 
(Boehringer Mannheim) . Second strand cDNA synthesis is 
performed by incubating the reaction tube at 16°C for 2 hours 
and additional 15 min. at 2 5°C. The reaction is stopped by 
addition of EDTA to a final concentration of 20 mM followed by 
phenol and chloroform extractions. 

Mung bean nuclease treatment: The double -stranded cDNA is 
precipitated at -20°C for 12 hours by addition of 2 vols 96% 
EtOH, 0.2 vol 10 M NH 4 Ac, recovered by centrif ugat ion, washed 

in 70% EtOH, dried and resuspended in 30 ^1 Mung bean nuclease 
buffer (30 mM NaAc , pH 4.6, 300 mM NaCl , 1 mM ZnSO,, 0.35 mM 
DTT, 2% glycerol) containing 2 5 units Mung bean nuclease 
(Pharmacia) . The single-stranded hair-pin DNA is clipped by 
incubating the reaction at 30°C for 30 min., followed by 
addition of 70 jul 10 mM Tris-Cl, pH 7.5, 1 mM EDTA, phenol 
extraction and precipitation with 2 vols of 96% EtOH and 0.1 
vol 3 M NaAc, pH 5.2 on ice for 3 0 min. 

Blunt-ending with T4 DNA polymerase: The double -stranded cDNAs 
are recovered by centrif ugat ion and blunt -ended in 3 0 \il T4 
DNA polymerase buffer (20 mM Tris-acetate , pH 7.9, 10 mM MgAc, 
50 mM KAc, 1 mM DTT) containing 0.5 mM of each dNTP and 5 
units T4 DNA polymerase (New England Biolabs) by incubating 
the reaction mixture at 16°C for 1 hour. The reaction is 
stopped by addition of EDTA to a final conce - ration of 20 mM, 
followed by phenol and chloroform extractions,. and 
precipitation for 12 hours at -20°C by adding 2 vols 96% EtOH 
and 0 . 1 vol 3 M NaAc pH 5.2, 
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L d :r r c r e 9a "r; r 1 di9estion a - d — — = 

ce„ crifugat j;"r h jr;:^ H e an rr r ™~ d by 

c j ttOH and dried. The cDNA pellet 

5 is resuspended in 51; ,,i i • pea let 

r - Palindromic BatxI adapcors iLTt - « 

reaction xs stopped by heating at S5«c for ,n 
> cooiing on ice for 5 m( min ' and then 

Not I " t adaP " d CDNA 13 ai =-ted with 

Not ::z:ir enzyme by addici ° n ° f 20 — = mi 10* 
unit, ; ot x irzr; B b T; r w En9iand Bioi * bs * - - 

a.S hours at 3 The f ° UOUed * ^ 

- 10 - 37 :h; h ; D ;rTre i %r p frao: yheatin9at65=c 

electrophoresis on a 0.3, SeaPXa^e ^ i * , 

-r- r - ~ o— r - - — : 
rn:™:::: ; y rrcr directionai - « 

~ j,: TxTr^r^T r: r d and 

cDNAs are desalted b y gelf iitrationeh J *' 

HR (Pharmacia) s Dl n 9 , 11CraClon thr °"9" a MicroSpin s-300 

inst e aCCOrdi "9 « the manufacturer's 

instructions Thrpp t-^*. , . 

w * ThreS tSSt l*9*tiona are carried out in 10 ul 
rgatron buffer ,30 m Tris . C1 . pH 7 ... 10 m ^ ^ £ 

-reaction tuTes^andTri? ' * — 
30 ng Ctube T 
vector background control, of Sstxz-Notx cLalld p vh S ^ 
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vector. The ligation reactions are performed by incubation at 
16°C for 12 hours, heating at 70°C for 20 min. and addition of 
10 fil water to each tube. 1 |il of each ligation mixture is 
electroporated into 40 jil electrocompetent E. coli DH10B cells 
(Bethesda research Laboratories) as described (Sambrook et al . 
(1989) Molecular cloning: A laboratory manual, Cold Spring 
Harbor lab., Cold Spring Harbor, NY). Using the optimal 
conditions a library is established in E, coli consisting of 
pools. Each pool is made by spreading transformed E. coli on 
LB+ampicillin agar plates giving 15.000-30.000 colonies/plate 

after incubation at 37°C for 24 hours. 20 ml LB+ampicillin is 
added to the plate and the cells were suspended herein. The 
cell suspension is shaked in a 50 ml tube for 1 hour at 3 7°C. 
Plasmid DNA is isolated from the cells according to the 
manufacturer's instructions using QIAGEN plasmid kit and 
stored at -20°C. 

1 |^1 aliquot s of purified plasmid DNA (100 ng/jil) from 
individual pools are transformed into S. cerexrisiae W3124 by 
20 electroporation (Becker and Guarante (1991) Methods Enzymol . 
194:182-187) and the transf ormants are plated on SC agar 

containing 2% glucose and incubated at 30°C. 

Identification of positive clones: 

25 After 3-5 days of incubation, the SC agar plates were replica 
plated onto a set of SC + galactose agar plates. Those plates 
were incubated for 2-4 days at 30°C and overlayered with a 
pectin overlayer gel, containing 1% apple pectin DE 75%, 1% 
HSB agarose in an appropriate buffer, for detection of 

30 pectinolytic activity- After incubation overnight at 30°C, 10- 
15 ml of a 1% solution of MTAB (mixed alkyl t>ri methyl ammonium 
bromide) was poured onto the overlayer and removed after 1 
hour. Pectin methylesterase positive colonies were identified 
as colonies surrounded by a white halo. 



10 
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Characterization of positive clones- Th» 

obtained as stngle colQn . - "» Positive clones are 

erectly from the yeast cq us ^ A b ln :« CS — -P^fied 

5 Prime "' P-«-d by magnetic belos ^"^^ PolylinKer 
S yste m and characterised individual 1 ^ M " 2e °' D ^ al > 

of each cDNA clone using the chat l l * . «» 
et al. (1977) Proc . Nat f ^^'^-"on -hod .Sanger 
iq ^e Se,uenase system (United states ^^^'^ - 

Isolation of a omra 

* -tm -t^sur^rsr in 

- - oroth in a so ml 21" — 30 

for 2 days at 30»c The be 13 shaken 

1= «or 10 min . ac 3000 rpm Ce " S are harvested by centrifugation 

«* is isolated a=cord . ng CQ wo ^ /ii9si ^ d d . ssoived 

t^L T \2^\^TT\ inC ° " """""ndard 
- standard procedures, ^ *' ~" 

analysis. The cdna insert is excised ~«"otion enzyme 
striction enzymes and li ga ted into USln9 appr °P ri «* re- 

vector. 9ated lnt ° a " Aspergillus expression 

" Trans£ °"»»tion of Asp.r gll lus oryzae or a 

Protoplasts rosy be preDarad ° r ni w 

. - « - page f 7 Tn . ^"h^ n " "° 95/ — P " 

by reference. hlCh is hereby incorporated 

HCl, p„ . 7 . 5 _ * ° f STC M sorbitol. 10 mM Tris . 

«- — ns a r s cai;°: r s a ~ mi ~ d - ich — 

at room tenperacu 9 re £o C r ar ^ ln9 Pl — d > • The mixture ls 

* "00 (BDH 29S76 ). I0 ^ J" " minUt "- 0-2 ml of 60% PEG 

CaC1 2 a "d 10 mM Tris-Hm 
* added and carefully mixed (rw » P ? ' 5 ±S 

y maX ed < twxce) and finally o>85 



WO 97/31102 




PCT/DK97/00073 



25 

same solution is added and carefully mixed. The mixture is 
left at room temperature for 25 minutes, spun at 2500 g for 15 
minutes and the pellet is resuspended in 2 ml of 1.2 M 
sorbitol. After one more sedimentation the protoplasts are 
spread on minimal plates (Cove, Biochem. Biophys . Acta 113 
(1966) 51-56) containing 1.0 M sucrose, pH 7.0, 10 mM 
acetamide as nitrogen source and 20 mM CsCl to inhibit 
background growth. After incubation for 4-7 days at 37°C 
spores are picked and spread for single colonies. This 
procedure is repeated and spores of a single colony after the 
second reisolation is stored as a defined transf ormant . 

Test of A . oryza& transf ormants 

Each of the transf ormants are inoculated in 10 ml of YPM (cf. 
below) and propagated. After 2-5 days of incubation at 3 0°C, 
the supernatant is removed. The pectin esterase activity is 
identified by applying 10 /il supernatant to 4 mm diameter 
holes punched out in an agarose gel containing 1% apple pectin 
DE 75%, incubation overnight at 30°C and precipitation with 
MTAB as described above. Pectin esterase activity is then 
identified by a white halo. 

Fed batch fermentation 

Fermentations were carried out as fed-batch processes with 
maltodextrin as carbon source, urea as nitrogen source and 
yeast extract. The pH was maintained at 7.0 and the 
temperature was maintained at 34°C during the entire process. 
After fermentation the pectin esterase was recovered by 
centrifugation and germ filtration. 

Purification of the enzyme 

The recombinant pectin esterase from A . oryzae was purified as 
follows: A culture supernatant was harvested after 5 days of 
culture, and centrifuged, germ filtered, and ultraf iltrated on 
a 3 kDa cut-off Filtron cassette (Minisette) to minimal 
volume. 25 ml of the ultraf iltrate was dialysed with 50 mM 
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H3BO3 



25 



H3BO3, 5 mM DMG. 1 mM Cacl 

Sepharose FF coin™ (Pha Zcl s 7 C ° 3 40 ml 0- 

— bu««. A£ter was j;; ci t a he s -*»» ^uibr.t«. in che 

eluted with . linear NaC1 ^ hound protein was 

5 actions from the colunm J er f a " al ,fr ° m ° to 0.5 „ Hacl) . 
activity by the apple pectin a 7 *"* ^ PeCCln •«•«.. 

" hereaS ~ e °' t! « in bound to"? co" 

0 The p H of the run-through wes adjusted to „ 

and.appiied to a 50 mi s SeDh ^ P " 4 ' 5 * iCh ™3C 0 OH 

Sweden, e q uili braced in 25 ? ^ HP COlu ™ (Pharmacia, 
washing the" „ J" CH 3 C0 ° H ^0„, p „ 4 . 5 . flfCer 

. ^ent^ fT O^t ^, ^ ^ " »~ 

' C ° 1Umn — analysed for pectin est" FraCtl ° nS f "*< the 

part of «-k peccin esterase activitv 

Part of the pectin esterase activity eluted ^ 
Peak fractions were pooled. 10 ° ne peak ' the 

Ammonium sulphate (AMS) was added to the , 

concentration of i 6 M and ,h P ° 01 t0 a final AMS 

Phenyl Toyopearl colum, ^L^T- ^ * «° ml 

DMG, a ^ CaCl2 1 6 J^^-ted xn 100 mM H3BO3 , io mM 

*>und protein was eluted with a lr WaShi " 9 *** COlU ™- 

to OH*.,. The buffer of th 9radlenC ,f ™ *•« 

exchanged for 25 « Ch^COOH/MaOH, phTs V""*"" 
02S sephadex coin™ e^uiiibrated In 25 * " 3 ^ 

4.5. ibrated 2n 25 mM CHjCOOH/NaOH. pH 

^<^c^rr ir appiied to a 50 mi 

washing the \oiumn bound o : i „ a ' , ~' P " 4 ' 5 ' 
Naca gradient ( f rora o to 01 M Mac ,7 ^ * 
esterase activity were Ji „ * ' FracCi °"= «ith pectin 
contained one band oniy ^ * SDS " PAGE - Th * factions 
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Electrophoresis 

SDS-PAGE electrophoresis was performed in a Mini -Leak 4 
electrophoresis unit (Kem-En-Tec, Denmark) as a modified 
version of the Laemli procedure (Laemmli (1970) Nature 
5 227:680-685). Gels were coomassie stained according to the 
manufacturer's instructions. 

Isolation of the DNA sequence shown in SEQ ID No . 1: 

The pectin esterase encoding part of the DNA sequence shown in 
10 SEQ ID No. 1 coding for the pectin esterase of the invention 
can be obtained from the deposited organism Escherichia coli 
DSM 103 57 by extraction of plasmid DNA by methods known in the 
art (Sambrook et al . (1989) Molecular cloning: A laboratory 
manual, Cold Spring Harbor lab., Cold Spring Harbor, NY). 

15 

Hybridization 

Suitable hybridization conditions for determining 

hybridization between a nucleotide probe and an "analogous" 
DNA sequence of the invention may be defined as described 
20 below. The oligonucleotide probe to be used is the DNA 
sequence corresponding to the pectin esterase encoding part of 
the DNA sequence shown in SEQ ID NO 1, i.e. nucleotides 4-933 
in SEQ ID No. 1. 

2 5 Hybridization conditions 

The hybridization conditions referred to herein to define an 
analogous DNA sequence as defined in part b) of the first 
aspect of the invention which hybridizes to the pectin 

3 0 esterase encoding part of the DNA sequence shown in SEQ ID NO 

1, i.e. nucleotides 4-933, under at least low stringency 
conditions, but preferably at medium or high stringency 
conditions are as described in detail below. 

Suitable experimental conditions for determining 
35 hybridization at low, medium, or high stringency between a 
nucleotide probe and a homologous DNA or RNA sequence 
involves presoaking of the filter containing the DNA 



WO 97/31102 

PCT/DK97/00073 

28 

fragments or RNA to hybridize in 5 x SSC cq 
chloride/Sodium citrate Sam H , Sodium 

and Pren yb r id i 2ati ro^L~ " * '~ 10 ^ 

5 x Denhardt's solution (Sam h ! 3 S ° lution of 5 x SSC, 

* "0 „g/ml of denatur ^ sin^d s^ * ^ ' °" 5 * SDS - 
•t -I- »B9, f followed by hybridist " ^ ^ 

containing a concent ra til t l SOlUtion 
(Peinberg, A. P . and Vogelstein b 

132:6-13), 32p. dCTp -j , . ' (1983) ^ • Biochem. 

0 cp m/ ,g , probe P ^ I 616 " (SPSCifiC ""^ity > 1 x 10 * 

cor 12 hours at ca. 4500 . ._ 

washed twice for 30 minuCes in 2 x ' c ' ^ 
SS°C Uow stringency,. more pref 2 e ^- t °- 5 % SDS « least 
stringency, . sciu ^ore prefLablv « , "" C '"^^ 

stringency,, even mC re preferably a \ " "' C '—Whigh 
» stringency, . and even m Le pref.raL ? °° C <hi9h 

high stringency, . — oxy at least 75 

^ (very 

are detected using a x-ray fii m . 
Immunological cross-reactivity AriHK 

determining immunological e r- Antlbod «* to be used in 

- a P urifie d 9i tctTn s %i:rr cy M r be p ™ ty 

ant a seru m against the pectin esterase "f the " P ~" 
raased by immuni2i rabbita , °' Che invention may be 

«- Procedure described ^ . '^^"T"' """"^ '° 
Quantitative I^unoeiectrophorts Js « J "* * ° f 
Publications. 1973 , Chapter L "1' , h BlaCkWe " «ci«t«ic 
Immunochernistry in p ', Johnstone and R. Thorpe, 

Publications, 19a2 

1— ,lobu lin s may be obtained £ the a„ti ' 

by salt precipitation ( (NHa),SO ) f ' £or 

4 2 followed bv H^iv^ 

ion exchange chromatography e Q dxalysxs and 

Immunochemical characterization - °° DEAE - Se Phadex. 

~rr-r ~— ,~ 
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crossed immunoelectrophoresis (N . Axelsen et al . , sjj&Ea., Chap- 
ters 3 and 4), or by rocket immunoelectrophoresis (N. Axelsen 
et al . , Chapter 2) . 

Media 

YPD: 10 g yeast extract, 2 0 g peptone, H 2 0 to 900 ml. 
Autoclaved, 100 ml 20% glucose (sterile filtered) added. 

YPM: 10 g yeast extract, 20 g peptone, H 2 0 to 900 ml. 
Autoclaved, 100 ml 20% maltodextrin (sterile filtered) added. 

10 x Basal salt: 75 g yeast nitrogen base, 113 g succinic 
acid, 68 g NaOH, H 2 0 ad 1000 ml, sterile filtered. 

SC-URA: 100 ml 10 x Basal salt, 28 ml 20% casamino acids 
without vitamins, 10 ml 1% tryptophan, H 2 0 ad 900 ml, 
autoclaved, 3.6 ml 5% threonine and 100 ml 20% glucose or 20% 
galactose added. 

SC-agar: SC-URA, 20 g/1 agar added. 

PEG 4000 (polyethylene glycol, molecular weight = 4,000) (BDH, 
England) 

1% apple pectin DE 75% (Herbs treith, Germany) 

1% HSB agarose (FMC Litex A/S,., Denmark) 

MTAB (mixed alkyltrimethylammonium bromide) (Sigma) 

EXAMPLES 
EXAMPLE 1 



Cloning and expression of a pectin esterase from Meripil 
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glganteus CBS 521.95 

rj 35 iSOlatSd Meripil ™ Si^eus, CBS No 521 95 

grown an cellulose-containing fermentation L 
5 agitation to ensure sufficient a ^ ^ 

harvested after 3-5 dav „ * "ration. Mycelia were 

5 ^ 9r ° Wth ' Mediately f ro2en in liquid 
nitrogen and stored at -80°c a h * 

No 521 95 e ■ 7 M - CBS 

»o. 521.95, consisting of aporox i n6 j„j. ^ , 
constructed in E m ,< PProx. 10 individual ciones was 

10 of 1% P1 lli d DNi ! d6SCrlbed -«* a vector background 

yeast and 5 n 7 ^ ° f P °° 1S " as transformed into 

yeast., and S0-100 plates containing 250-400 veast o , 
were obtained from each pool. V colonies 

Pectin esterase-positive colonies were identify , ^ , 
IS on SC-agar plates with the apple pectin a s " ^ 

were amplify direccly f » « fhl yeasc ^ ' coT- 

Pectin esterase TshZ * l^andTe ^ 

DNA nucleotides from No 4 to No ,„ , 

esterase encoding region. defl " e PeCCin 

^ The cDNA is obtainable from the plasmid in DSM !03S7. 

res'cueriT ^ * ' °<* "as 

rescued by transformation of E. coli as described above In 

::t d H^rzT pectin eSterase in — 

30 fractionated on ge! TnTT"/ size 

Pectin esterase g" ' warpu ^ :" :° rreSPOndin9 " ^ 
li9.t«, to pHD414 . dioesten :t. Th ?.r" e ;" aS ^^ntly 
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enzymes, resulting m the plasmid pA2PE18. 

After amplifi cation of the DNA in B m n 

-nsformed into Aspergillus or^s^escr^ ^bctr^ 
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Test of A. oryzae transfonnants 

Each of the transf ormant s were tested for enzyme activity as 
described above. Some of the transf ormants had pectin esterase 
5 activity which was significantly larger than the Aspergillus 
oryzae background. This demonstrates efficient expression of 
the pectin esterase in Aspergillus oryzae. 

10 EXAMPLE 2 

Homology to published pectin esterases 

A homology search with the pectin esterase of the invention 
15 against nucleotide and protein databases was performed. The 
homology search showed that the most related pectin esterases 
was a pectin esterase from Aspergillus aculeatus and a pectin 
esterase from Aspergillus tubigensis (previously said to be 
from A . niger) . 

20 

According to the method described in the "DETAILED DESCRIPTION 
OF THE INVENTION" the DNA homology of the pectin esterase of 
the invention against most prior art pectin esterases was 
determined using the computer program GAP. The pectin esterase 

25 of the invention has only 54% DNA homology to the pectin 
esterase from Aspergillus aculeatus (WO 94/25575) and the 
pectin esterase of the invention has only 56% DNA homology to 
the pectin esterase from Aspergillus tubigensis (Khanh et al . 
(1990) "Nucleotide and derived amino acid sequence of a 

30 pectinesterase cDNA isolated from Aspergillus niger strain 
RH5344", Nucleic Acids Res. 18:4262; Khanh et al . (1991) 
"Characterization and expression of a genomic pectin methyl 
esterase-encoding gene in Aspergillus niger n , Gene 106:71-77). 

3 5 According to the method described in the u DETAILED DESCRIPTION 
OF THE INVENTION" the polypeptide homology of the pectin 
esterase of the invention against most prior art pectin 



15 
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esterases was determined using the r „ 

P-tin esterase of che Program GAP . Tne 

homology to the pectin esterase f rom , ""^ " % Peptide 
_ "e pectin esCerase Qf <£J£- Meatus and 

=> homoloov to n, a invention has only 44% 

9V "** PSCCin esterase from AspergilL , peptide 

^ ?JJ - ius tubjgensis 

This shows that the pectin esterase of fh 

^stant ta any known pecttn ™~*u» ^ is 

EXAMPLE 3 

Purif ication ^ character . zati 

esterase of the invention recombinant 

Pectin 

The pectin esterase was produced by £ed bat h , 

owe expressing the enzyme as V fermentation of 

Methods above. ^ iS bribed in Materials and 

^^^^sZlT^TZ rt PUr " ied ^aracterized 
above. The mdecular weight of the ^ M " h ° ds action 

W>a by SDS-PAGE. * enZyme "* s determined to 37 



EXAMPLE 4 



i? 2i££i a lS_and_m 2 thods 1 

Strawberries ^^nteus, 2,4 P EU / g 

S ' fr ° 2en ' SO " : Senga sengana 
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The activity of the pect inesterase is given in Pectin- 
Esterase-Units (PEU) defined as the amount of enzyme which 
under standardised conditions liberates 1 mmol carboxyl groups 
per minute (Novo Nordisk assay ABT-SM-0005 . 02 . 1 , Available 
upon request from Novo Nordisk A/S) . 

Jam preparation 

The preparation of the jam is carried out according to the 
standard procedure for jam preparation (Novo Nordisk Standard 
Operation Procedure, ABF-SP-4002 . 02/01 , Available upon request 
from Novo Nordisk A/S) . 

A 300 g portion of jam was prepared. The ratio of strawberry 
and sugar was: 180g berries + 120 g sugar. After an initial 
pre-cooking the fruit slurry was divided into 2 x 3 - 50 g 
portions, the samples were cooled to 40°C and enzyme was 
added as follows: 

1) control with no enzyme added 

2) PE, PPJ 4300, 10 PEU/kg fruit 

3) PE, Meripulus giganteus , 10 PEU/kg fruit 

The samples were sealed and allowed to stand for 1 hour, then 
the samples were heat treated for 3 min at 90°C in order to 
inactivate the enzyme. 

In the present trials the quantification of free methanol was 
carried out at Alfred Jargensens Lab. A/S, Copenhagen. The 
samples were initially destilled, then analysed using a 
capillary gaschromatograph in combination with mass 
spectrometry detection. 



Results and discussion: 

The results appears from Table 1 below: 



10 



15 



20 
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Table 1, Methanol formation ■ 

Control ^thanol, Ppm 

PE, PPJ 4300, ?nn 

, n 200 pp m 

10 PEU/kg fruit 

PE, M.gig., 
10 PEU/kg fruit 



34 0 ppm 
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It is olearly demonstrated that pectinester 

giganteus, resulting in 340 DD m fro SSteraSe from "eripulus 
^ ^re traditional Z^T^^^ " 

free methanol formation of 200 ppm. *««ltxng in a 

If the pectin content of strawberries is 

and the degree of esterif i M * ■ estimated to 0.6 % 

esceritication DE) is P ef , 
can be calculated, that the final DE of ,-k ° % ' ^ 

product results in a DE of 52 km traditional PE 

results in a DE of 38 "er.pulus g i 9ante us - PE 

^^"L^^T of im — '~ t'- 
other PE m0 difie d r :: ::; b ™ 9 "n:i 3am and aiso for 

estPrTfnV.v . ^ utLS - ir >e degree of 

esterxf ication determines the number of r* k 

be formed and is th„, rfl , - „ f Ca ~ b ^dges that can 

viscosit, of a^e'alnX 1 ::::,; 0 961 — h « -e 

^r.rs :::: t:\::T: a :r* nt - — ■ 

The en zyme is probably also 9 USefUl ' els - 

to the che^car riL ;:;::: t :;™- • i ~™ ti ™ 

traditional asper g ill U s derived ^ pZ^"' "» 
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SEQUENCE LISTING 

SEQ ID No. 1 shows the DNA sequence of the full-length cDNA 
sequence comprised in the DNA construct transformed into the 
deposited Escherichia coli DSM 10357. 



SEQUENCE LISTING 



(2) INFORMATION FOR SEQ ID NO: 1: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1128 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Meripilus giganteus 

(B) STRAIN: CBS 521.95 

(ix> FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATIONS. .933 



(xi) SEQUENCE DESCRIPTION r* SEQ ID NO: 1: 



AGA ATG CAG TCC CAC TTG TTC TTG CTG TTC TCT TAC CTC ATC GCC TGT 4 8 

Met Gin Ser His Leu Phe Leu Leu Phe Ser Tyr Leu lie Ala Cys 
1 5 io 15 

GCG TCT GCG CTC AGC AGT CCG CCT GCA GGC GCA ATC ACC GTC GGC TCC 96 
Ala Ser Ala Leu Ser Ser Pro Pro Ala Gly Ala lie Thr Val Gly Ser 
20 25 30 



GGT GGC AAG TAT TCA ACG TTG TCC GCA GCC CTC AAG GAC ACG TCG AGC 



144 
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Oly Gly Lys Ty r ser Thr 

35 3 Leu Lys As P Thr ser Ser 

40 

45 



£ ~ E s s s s s - - s r *~ ° m « - 

50 / Tyr Thr As P Thr Ala u e Ile 



55 



- z: z z % ™ z ™ r s° acg ^ aca « - - 

65 V V !' 7Vr Gly Gln T1 ~ Asn Thr Pro Ser Ser 



75 



TAT ACC GGC AAT ACT ptp »~ 

TVr Thr Gly Asn £ £ £ £ - - AAC ATT CCG GCC TCC AAC 
80 IlG Thr Asn A *n lie Pro Ala Ser Lys 



85 90 

95 



GCG GGC TCC AAT GAT GCG AGC GGG ACG GTG CAA GTG r.n 

Ala Gly Ser Asn Asp Ala Ser ri A ° GCC GAG 

Ser Gly Thr val Gln Val ^ 



105 

110 



- s" ~ z z z z z z z ara ~ « - - - 

^ s Asn He Ala Asa Thr Tyr Gly Lys Thr Val 



120 



GAC CAG GCG CAA rrp _ 

«P «- M. Z £ ~ £ « ™ - « « ™ « 

130 31 Gln Ala Gly Gin Phe Gly 



135 

14 0 



= ~ X = E S S 0 t z Z Z Z - » « - 

145 1BA y ASP Gln As P Th * Leu Ala Asn 



150 155 



- cTy Ala Gln £ £ « £ T ~ ~ « « « ~ 

Tyr Tyr Ala Asn Ser Trp He Glu Gly Ala Val Asp 

175 

= s = - s s s s: « z z r r •« - 

iao ^ Ile Thr Ar 9 s er Val ll e 

190 

=====S=====5 ==== 

200 205 



192 



240 



286 



336 



384 



432 



460 



528 



576 



624 



672 
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Asp Gly Phe Tip Tyr Val lie Asp Ser Ser Thr Val Gin Gly Thr Gly 
210 215 220 

ACG GCG TAC CTC GGG CGC CCC TGG CGC GAC TAC GCG CGC GTC GTG TTC 72 0 

Thr Ala Tyr Leu Gly Arg Pro Trp Arg Asp Tyr Ala Arg Val Val Phe 
225 230 235 

CAG AAG AGC ACG CTC GGG AGC AAC GTG CCC GCG GCC GGC TGG TCG ATT 768 
Gin Lys Ser Thr Leu Gly Ser Asn Val Pro Ala Ala Gly Trp Ser lie 
240 245 250 255 

TGG AAC GTC GGC ACC CCG CAG ACC GAC CAT GTC ACG TTC GCC GAG TAC 816 
Trp Asn Val Gly Thr Pro Gin Thr Asp His Val Thr Phe Ala Glu Tyr 
260 265 270 

GGG AAC ACC GGC CCC GGC GCG TCC GGC ACG CGC GCG AGC TTC AGC ACG 86 4 

Gly Asn Thr Gly Pro Gly Ala Ser Gly Thr Arg Ala Ser Phe Ser Thr 
275 280 285 

AAG CTG TCC GCG CCG GTC GCG ATC AAG ACG GTG CTG AAC TCG ACG AGC 912 
Lys Leu Ser Ala Pro Val Ala lie Lys Thr Val Leu Asn Ser Thr Ser 
290 295 300 

TGG ATC GAC CCC GCC TTC CTC TGACCCCGCC GACGGCAACG ACAAACGAGA 963 
Trp lie Asp Pro Ala Phe Leu 
305 310 

GAGAGCGAGG GCAGCAGAGG GACGAGTGCC GAGTG CCGGT GCGGCTGAGG GCTATGACGT 102 3 

CGATCGATGG TCGGCTTGAC GTCGTTGTAC ACGTACGGAT GCAGTCATCG AACGTTCGGT 1083 

TGCGACTTGC CAAAAAAAAA AAAAAAAAAA AAAAAAAAAA AAAAA 1128 



(2) INFORMATION FOR SEQ ID NO : 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 310 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: protein 
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<XD SEQUENCE DESCRIPTXON, SEQ ID N0: 2 , 
Met Gin Ser His Leu 



Phe Leu Leu Phe Ser Ty r L eu He 
Ser Ala Leu Ser Ser Pro 



5 ^u lie Ala cys Ala 

10 

15 



Pro Ala Gly Ala il- ,r n 

20 ^ Xa IIe Thr Val Gly ser Gly 

30 



Gly Lys Tyr Ser Thr Leu Ser Ala Ala r t 

35 Ala LeU Asp Thr ser Ser Ser 

45 

val Tyr Phe Val Pne Ser Q1 

50 ^ Thr ^ Thr Asp Thr Ala Il e H 

SO 

7 S Pro Asn V41 **• « «v oan Thr As „ T6t 

70 

Thr Gly Asn Thr Val Thr Il e 



55 r lie Thr 

60 



70 Pr ° Ser s «r Tyr 

75 

80 



Thr Asn Asn H e Pro ^ 
85 Pr ° AIa s «r Lys Ala 

90 9s 

100 Vai Hls Ala Glu Asn Val 

^" 110 

^ Tyr Asn Leu Asn U e Ala Asn Thr 

115 inr TV 17 Lys Thr Val Asp 

125 

Gln Ala Gln Ala He Ala Leu Ser Val ri 

"0 I Val G1 * Ala Gly Gln phe Qly 

140 

- -y u. ^ n . „ y Aep oln ^ ^ ^ ^ ^ 

155 

160 

Gly Ala Gln Tyr TVr at* a 

«£ «. to ser ^ 01u Giy su ^ ^ 

J ' ° 175 

He Phe Gly Met Gln Ala s~r» n 

Mla Ser He Trr> T 1 * tu- * 
180 J! 116 Thr Ar 9 s « Val n e Asn 

190 

Thr He Gly Ser Gly Cys He Thr at o 

Thr Ala ser Gly Arg ser Ser As, Asp 

205 

Gly Phe Trp Tyr Val n» » 

* '/t vax He Asp Ser Ser , 
210 J Sr Ser Thr V al Gln Gly Thr Gly Thr 

2-2 0 
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Ala Tyr Leu Gly Arg 
225 

Lys Ser Thr Leu Gly 
245 

Asn Val Gly Thr Pro 
260 

Asn Thr Gly Pro Gly 
275 

Leu Ser Ala Pro Val 
290 



Pro Trp Arg Asp Tyr Ala 
230 235 

Ser Asn Val Pro Ala Ala 
250 

Gin Thr Asp His Val Thr 
265 

Ala Ser Gly Thr Arg Ala 
280 

Ala lie Lys Thr Val Leu 
295 



Arg Val Val Phe Gin 
240 

Gly Trp Ser He Trp 
255 

Phe Ala Glu Tyr Gly 
270 

Ser Phe Ser Thr Lys 
285 

Asn Ser Thr Ser Trp 
300 



He Asp Pro Ala Phe Leu 
305 310 
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INDICATIONS RELATING TO A DEPOSITED , 

(PCTRule 13*,,) 

A- The indications made below relate to the 



MICROORGANISM 



on page 1 1 



rn.croorgan.sm referred to in the desenption 
. lines 6-18 



B- IDENTIFICATION OF DEPOSIT 




Nam c oi aepositary .nstitution 

CENTRAALBUREAU VOOR SCHIMMELCULTURES 

^^^^ ss Tssasn^ co^t^t 

Oostc^aac |. Postbus 273> AQ ^ ^ 



Further deposits are identified 



on an additional sheet 




Date of deposit 4 July, 1995 



^^^^^SS^^ ^^^.. - * TT " S,nfonTC "' 0 ""~ ed 0n anadd i ,.o na ,^ I f 

! AostraliaTcon^eH ST n0miaa,ed «V *c person requesSe SSl? * C f d ^ s » cd ^croorgamsm ,s only 



D. DESIGNATED STATES FOR W„,CH INDICATIONS 



ARE MADE (if,he indications 



are not for all designated States) 



or ,* d , ca t,on S ZZ 7Z 



* e *« ro/ indications e.g . 



" For rcc «^ing Office use only 



international 




a 



— For International Bureau use only — 
This sheet was rece.ved by the International Bureau 
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INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCT Rule !3f>/j) 

A. The indications made below relate to the microorganism referred to in the description 

on page 1 1 . lines 19 - 30 . 

B. IDENTIFICATION OF DEPOSIT Further deposits are identified on an additional sheet 
Name of depositary institution 

DEUTSCHE SAMMLUNG VON MIKROORGANISMEN UND ZELLKULTUREN GmbH 



Address of depositary institution (including postal code and country) 
Mascheroder Weg lb, D-38124 Braunschweig, GERMANY 



Date of deposit 6 December, 1995 


Accession Number DSM 10357 


C. ADDITIONAL INDICATIONS (leave blank if not applicable) This information is continued on an additional sheet 





Until the publication of the menraon of grant of a European patent or, where applicable, for twenty years from the date of 
filing if the application has been refused, withdrawn or deemed withdrawn, a sample of the deposited microorganism is only 
to be provided to an independent expert norrunated by the person requesting the sample (cf. Rule 28(4) EPC). And as far as 
Austraba is concerned, the expert option is likewise requested, reference being had to Regulation 3.25 of Australia Statutory 



Rules 1991 No 71. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not for all designated States) 



E. SEPARATE FURNISHING OF INDICATIONS (leave blank if not applicable) 



The indications listed below will be submitted to the International Bureau later (specify the general nature of the indications e.g.. 
"Accession Number of Deposit ") 



For receiving Office use only 



This sheet was received with the international 
application 




Form PCT/RO/134 (July 1992) 



For International Bureau use only 



This sheet was received by the International Bureau 

on: 



Authorized officer 
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CLAIMS 

1- A DNA construct com prising a DNA 

enzyme exhibiting pectin ester-*! sequence encoding an 

5 comprises esterase activity, which DNA Sequence 

a > the pectin esterase encoding part of , K 

cloned i nto plasmid pyES ^ P ^ ° f DNA sequence 

10357, or Present in B. co2i DSM 

" ^ aMl09Ue " ™ A — — defined in uhlch 

ilKhybridizes with che Dla g 

« Portion. 4 . 933 in SEQ M nq °™ 

stringency, or 

iii) encodes a polypeptide which is at - , 
homologous with t-h» ^ least 50% 

2- The DNA construct according to clain, i 

sequence encoding an enzymf exhibit ^ " hlCh the DNA 

activity is obtainabie trJT. Pectin ""rase 

f "*~ a yeast or a r^r*""' ' 



preterabiy . straiT of "e ' T"'" °* ^^ota. 

of the class of Hymencnycetes, TOre 
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preferably a strain of the order Aphyllophorales , more 
preferably a strain of the Polyporaceae family, such as the 
genera Meripilus , in particular a strain of Meripilus 
giganteus , 

5 

4. The DNA construct according to claim 3, in which the DNA 
sequence is isolated from or produced on the basis of a DNA 
library of the strain Meripilus giganteus CBS 521.95. 

10 5. The DNA construct according to claim 2, in which the DNA 
sequence is obtainable from a strain of Aspergillus, Sac- 
charomyces, Bacteroides , Erwinia, Pseudomonas or Clostridium. 

6. The DNA construct according to claim 1, in which the DNA 
15 sequence is isolated from Escherichia coli DSM 10357. 

7. A recombinant expression vector comprising a DNA 
construct according to any of claims 1-6. 

20 8. A cell comprising a DNA construct according to any of 
claims 1-6 or a recombinant expression vector according to 
claim 7. 

9. The cell according to claim 8, which is a eukaryotic 
25 cell, in particular a fungal cell, such as a yeast cell or a 

filamentous fungal cell. 

10. The cell according to 'claim 9, which is a strain of 
Fusarium or Aspergillus or Trichoderma, in particular a 

30 strain of Fusarium graminearum, Fusarium cerealis , Aspergil- 
lus niger, Aspergillus Oryzae, Trichoderma harzianum or 
Trichoderma reesei . 

11. The cell according to claim 9, which is a strain of 
35 Meripilus sp., in particular Meripilus giganteus. 
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12 • The cell according to n • 

MeripiiUS ^teus CBS No 521.95 ^ the Strai * 

13. The cell according to 

5 sac ^— , in par " ic ; la c r lai ; 9 st ^ is a strain of 

Cerevis ^e. Strain of Saccharonyces 

14 • A method of ^, 3 

esterase acti.it" ^ ~ ~«» 

0 according to any of ^ J ^ ^-g during a cell 
the production of the en 2yme and COnd ^ions permitting 

the culture. * nd "covering the enzyme from 

15. An enzyme exhibiting pectin 
' Snz ^ e P " 6Sterase activity, which 

(a) is encoded by a nwa „ 

(b) produced by the m^+u -a 

method aceordino to clalm ^ 

'c) is immunologically reaccive 
agarnst a purified esterase en 

esterase encoding part of the enC ° ded * th. pectin 

pvbs a.o present in E COJi h D e SM DN f 03 7 7 — ci«a into plasmid 

16 • The enzyme accordina fo ,1 ■ 

sequence SEQ ID N0 ^ t0 Cl "* 15 ' has the amino acid 

17. A composition comprising the enzvm. 

or 16. 9 C * e e nzyme according to claim 15 

18. The enzyme composition which i„ 

~ng pectin esterase act^^ S£ ^ ~ 



WO 97/31102 



PCT/DK9 7/000 73 



45 



19. The composition according to claim 18, which additionally 
comprises an ct-arabinosidase , 0-galactosidase , a-glucoronisi - 
dase, p-xylosidase, xylan acetyl esterase, xylanase, arabina- 
nase, rhamnogalacturonase, rhamnogalacturonan acetylesterase , 
pectin acetylesterase, galactanase, polygalacturonase, pectin 
lyase, pectate lyase, or pectin methylesterase . 

20. Use of an enzyme according to claim 15 or 16 or an enzyme 
composition according to any of claims 17 to 19 for improving 
the firmness of a pectin-containing material. 

21. Use of an enzyme according to claim 15 or 16 or an enzyme 
composition according to any of claims 17 to 19 for increasing 
the viscosity of a pectin-containing material. 

22. The use according to claim 20 and 21, in which the pectin- 
containing material is a fruit or vegetable material. 

23. Use of an enzyme according to claim 15 or 16 or an enzyme 
composition according to any of claims 17 to 19 for demethyla- 
tion of pectin. 

24. Use of an enzyme according . to claim 15 or 16 or an enzyme 
composition according to any of claims 17 to 19 in the 
preparation of feed. 

25. Use of an enzyme according to claim 15 or 16 in 
combination with a polygalacturonase containing enzyme 

preparation for reducing the viscosity of a plant cell wall 

derived material . 

26. use of an enzyme according to any of claim 15 or 16 or an 
enzyme composition according to any of claims 17 to 19 in the 
production of wine or juice. 
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